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Description
BACKGROUND OF THE INVENTION

[0001] This invention generally relates to cylindrical
batteries that utilize a tubularly shaped separator to con-
tain and physically separate the battery’s electrodes from
one another. More particularly, this invention is con-
cerned with a separator having a free standing portion
that maintains its structural rigidity when wetted by the
battery’s electrolyte.

[0002] Cylindrically shaped batteries are suitable for
use by consumers in a wide variety of devices such as
flashlights, radios and cameras. Batteries used in these
devices typically employ a cylindrical metal container to
house two electrodes, a separator, a quantity of electro-
lyte and a closure assembly. Typical electrode materials
include manganese dioxide as the cathode and zinc as
the anode. The zinc is commonly employed in particulate
form suspended in a gel. An aqueous solution of potas-
sium hydroxide is a common electrolyte. A separator,
conventionally formed from one or more strips of paper,
is positioned between the electrodes. The electrolyte is
readily absorbed by the separator and gelling medium.
[0003] JP-A-01311559 discloses in the abstractandin
Figure 1 a cylindrical alkaline cell comprising a separator
of nonwoven fabric being reinforced with a synthetic res-
in, a reinforced edge of the separator being free standing
and substantially parallel to the container’s side wall. The
tubulary-shaped separator being closed at the bottom
comprises polyethylene as continuous reinforcing mate-
rial and a nonwoven fabric as the flexible porous film.
[0004] JP-A-2000011986 discloses in the abstractand
in Figure 1 a not yet completely assembled electrochem-
ical cell which lacks a container and the closure assem-
bly. The cell comprises a separator having free standing
reinforced edge portions and a non-reinforced central
portion. Reinforcement of the edges is achieved by ther-
mo-compressing the porous separator material or by
sticking a non-porous film onto the porous edge portion
of the separator by impregnating said porous edge por-
tion followed by hot compression, thereby rendering it
non-porous and preventing absorption of electrolyte.
[0005] One of the issues that battery manufacturers
must address is the requirement that direct contact be-
tween the anode and cathode within the battery be pre-
vented. If the anode and cathode are allowed to physi-
cally contact one another, a chemical reaction takes
place and the useful electrochemical capacity of the bat-
teryisreduced. The function of the separator is to prevent
direct contact between the anode and cathode while al-
lowing for ionic conductivity therebetween.

[0006] Small cylindrical batteries must be manufac-
tured to withstand the physical rigors associated with the
manufacturing and distribution processes as well as the
handling of batteries by consumers. In particular, batter-
ies must be able to withstand being accidentally dropped
by consumers. In batteries with a semi-fluid electrode,
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such as the gelled anode used in many cylindrical alkaline
batteries, the drop may cause a small portion of the anode
to fragment and thereby break free from the rest of the
anode. The fragmented anode must be prevented from
coming into direct contact with the cathode. Similarly, if
the cathode is hard and susceptible to fragmentation
when the cell is dropped, small fragments of the cathode
may become separated from the body of the cathode and
need to be contained. As shown in Fig. 1, many conven-
tional cell constructions have addressed this problem by
using an elastomeric seal 78 that includes a V-shaped
leg 80 that projects toward the interior of the cell and
contacts the top of the coiled separator 20 thereby form-
ing a barrier that prevents anode fragments 64 from con-
tacting the cathode 54. However, the V-shaped projec-
tions on the conventional seal designs occupy a portion
of the cell's internal volume which could be better used
to hold an additional quantity of the cell’s electrochemi-
cally active materials. Consequently, many cell designs
have been proposed that utilize low volume seal designs
which do not cooperate with the separator to form a bar-
rier that isolates the anode from the cathode. Unfortu-
nately, eliminating that portion of the seal that helps to
contain the anode has led to an increased level of internal
electrical shorting between the anode and cathode when
cells are dropped by consumers. The internal shorting
problem is due to the free standing portion of the sepa-
rator, located above the anode/cathode interface, losing
its stiffness when it absorbs some of the cell’s electrolyte
and then collapsing away from the low volume seal so
that an unobstructed path is created between the anode
and the cathode. As shownin Fig. 2, the collapsed portion
46 ofthe separator 20 has allowed a fragment 64 of anode
66 to contact cathode 54.

[0007] Therefore, there exists a need for a separator
that will be structurally self supporting after absorbing the
cell’s electrolyte such that the separator can contain even
small fragments of an electrode thereby preventing the
formation of an internal electrical short circuit.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides an electro-
chemical cell with a separator having a free standing re-
inforced portion that is structurally self supporting even
after absorbing some of the cell’s electrolyte. The sepa-
rator is reinforced by coating an edge of the separator
so that the reinforced edge prevents fragmented pieces
of one electrode from contacting the cell’s opposing elec-
trode. The coating material used to reinforce a portion of
the separator occupies very little volume within the cell.
[0009] Indetailthe presentinventionrelatestoan elec-
trochemical cell, comprising:

(a) a container having an open end, a closed end
and a sidewall;

(b) afirst electrode located within said container, said
first electrode defining a cavity having an interior sur-
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face;

(c) electrolyte located within said container and in
contact with said first electrode;

(d) aseparator forming alining on the interior surface
of the cavity defined by said first electrode, said sep-
arator comprising a free standing reinforced edge
that extends beyond said first electrode toward the
open end of said container, said reinforced edge
comprises a reinforcing material that provides struc-
tural support to the free standing reinforced edge of
said separator (20) after the separator has absorbed
said electrolyte;

(e) a second electrode located within the separator
lined cavity, said separator forming an interface be-
tween said first and second electrodes; and

(f) a closure assembly (70) secured to the open end
(12) of said container (10),

characterized in that said separator (20) comprises a flex-
ible porous film of nonwoven fibers having a first broad
surface, a second broad surface located on the opposite
side of the separator (20) from the first broad surface,
and a perimeter, and said reinforcing material covers less
than 20 % of the electrodes’ interfacial surface area.
[0010] The present invention relates to a process for
manufacturing an electrochemical cell, comprising the
steps of:

(a) providing a strip of separator (20);

(b) coating at least one edge of said separator strip
(20) with a reinforcing material;

(c) coiling the coated strip to form a tube comprising
a noncoated portion and a coated reinforced edge
defining an opening at one end of the tube;

(d) providing a container (10) having an open end
(12) and comprising a first electrode (50) defining a
cavity therein;

(e) inserting the coiled tube (70) into the cavity de-
fined by the first electrode (50) so that the noncoated
portion contacts said first electrode (50) and a coated
edge of the tube (20) extends beyond said first elec-
trode (50) toward the open end (12) of said container
(10);

(f) inserting a second electrode (60) into the tube
defined by the coiled separator (20); and

(g) closing said container (10) by securing a closure
assembly (70) to the open end (12) of said container;

characterized in that said separator (20) comprises a flex-
ible porous film of nonwoven fibers having a first broad
surface, a second broad surface located on the opposite
side of the separator (20) from the first broad surface,
and a perimeter, and said reinforcing material covers less
than 20 % of the electrodes’ interfacial surface area.

[0011] Inapreferred embodimentthe processincludes
the following steps. Providing a separator material. Coil-
ing the separator to form a tube. Coating an edge of the
tube with a reinforcing material. Providing a container

10

15

20

25

30

35

40

45

50

55

having an open end, a closed end and a first electrode
defining a cavity. Inserting the coiled coated separator
tube into the cavity so that the open end of the tube is in
close proximity to the open end of the container and the
opposite end of the tube is in close proximity to the closed
end of the container. Inserting a second electrode into
the tube defined by the coiled separator. Closing the con-
tainer by securing a closure assembly to the open end
of the container.

[0012] In a still further preferred embodiment the proc-
ess includes the following steps. Providing a container
that has an open end, a closed end and a first electrode
located within the container. The first electrode defines
a cavity. Providing a first rectangularly shaped strip of
separator that has two opposing edges coated with a
reinforcing material. Inserting the coated strip of separa-
tor into the cavity defined by the first electrode so that
uncoated portion of the separator lines the cavity and the
coated edges extend beyond the first electrode toward
the open end of the container. Inserting a second elec-
trode into the separator lined cavity. Closing the container
by securing a closure assembly to the open end of the
container.

[0013] Further preferred embodiments of the invention
are apparent from the dependent claims .

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a partial cross-sectional view of a conven-
tional electrochemical cell;

Fig. 2 is a cross-sectional view of a conventional
electrochemical cell with a low profile seal assembly;
Fig. 3 is a view of a partially coiled separator strip
that includes a reinforced edge;

Fig. 4 shows a completely coiled separator strip with
a reinforced edge;

Fig. 5 shows a separator with reinforcing material
applied in afirst pattern to the reinforced edge portion
of the separator;

Fig. 6 shows a separator with reinforcing material
applied in a second pattern to the reinforced edge
of the separator;

Fig. 7 shows a partial cross-sectional view of the
separator of Fig. 3;

Fig. 8 is a cross-sectional view of a cell of this inven-
tion;

Fig. 9 shows rectangularly shaped strips of separator
that have been coated on two edges and then posi-
tioned perpendicular to one another prior to their in-
sertion into a partially assembled cell;

Fig. 10 A shows a strip of separator coated on two
edges;

Fig. 10 B shows a coiled tube made from the sepa-
rator shown in Fig 10 A;

Fig. 11 is a flow diagram of a first process for assem-
bling cells of this invention;
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Fig. 12 is a flow diagram of a second process for
assembling cells of this invention; and

Fig. 13 is a flow diagram of a third process for as-
sembling cells of this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Referring now to the drawings and more partic-
ularly to Fig. 8, there is shown a cross-sectional view of
an assembled electrochemical cell of this invention. Be-
ginning with the exterior of the cell, the cell components
are the container 10, first electrode 50 positioned adja-
cent the interior surface of container 10, separator 20
contacting the interior surface 56 of first electrode 50,
second electrode 60 disposed within the cavity defined
by separator 20 and closure assembly 70 secured to con-
tainer 10. Container 10 has an open end 12, a closed
end 14 and a sidewall 16 therebetween. The closed end
14, sidewall 16 and closure assembly 70 define a cavity
in which the cell’s electrodes are housed.

[0016] First electrode 50 is a mixture of manganese
dioxide, graphite and an aqueous solution containing po-
tassium hydroxide. The electrode is formed by disposing
a quantity of the mixture into the open ended container
and then using a ram to mold the mixture into a solid
tubular shape that defines a cavity which is concentric
with the sidewall of the container. First electrode 50 has
a ledge 52 and an interior surface 56. Alternatively, the
cathode may be formed by preforming a plurality of rings
from the mixture comprising manganese dioxide and
then inserting the rings into the container to form the tu-
bularly shaped first electrode.

[0017] Second electrode 60 is a homogenous mixture
of an aqueous alkaline electrolyte, zinc powder, and a
gelling agent such as crosslinked polyacrylic acid. The
aqueous alkaline electrolyte comprises an alkaline metal
hydroxide such as potassium hydroxide, sodium hydrox-
ide, or mixtures thereof. Potassium hydroxide is pre-
ferred. The gelling agent suitable for use in a cell of this
invention can be a crosslinked polyacrylic acid, such as
Carbopol 940®, which is available from B. F. Goodrich,
Performance Materials Division, Cleveland, Ohio, USA.
Carboxymethyylcellulose, polyacrylamide and sodium
polyacrylate are examples of other gelling agents that
are suitable for use in an alkaline electrolyte solution.
The zinc powder may be pure zinc or an alloy comprising
an appropriate amount of one or more of the metals se-
lected from the group consisting of indium, lead, bismuth,
lithium, calcium and aluminum. A suitable anode mixture
contains 67 weight percent zinc powder, 0.50 weight per-
cent gelling agent and 32.5 weight percent alkaline elec-
trolyte having 40 weight percent potassium hydroxide.
The quantity of zinc can range from 63 percent by weight
to 70 percent by weight of the anode. Other components
such as gassing inhibitors, organic or inorganic anticor-
rosive agents, binders or surfactants may be optionally
added to the ingredients listed above. Examples of gas-
sing inhibitors or anticorrosive agents can include indium
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salts (such as indium hydroxide), perfluoroalkyl ammo-
nium salts, alkali metal sulfides, etc. Examples of sur-
factants can include polyethylene oxide, polyethylene
alkylethers, perfluoroalkyl compounds, and the like.
[0018] The second electrode may be manufactured by
combining the ingredients described above into a ribbon
blender or drum mixer and then working the mixture into
a wet slurry. The slurry may also be described as a flow-
able paste or semifluid mixture. The slurry is susceptible
to fragmentation when exposed to a physical shock such
as vibration or dropping of the container that houses the
slurry. In a battery, small droplets or fragments of the
slurry may become separated from the bulk of the slurry
thereby resulting in an electrical short within the cell if
the droplets are not restrained from physically contacting
the first electrode.

[0019] Electrolyte suitable for use in a cell of this in-
vention is a thirty-seven percent by weight aqueous so-
lution of potassium hydroxide. The electrolyte may be
incorporated into the cell by disposing a quantity of the
fluid electrolyte into the cavity defined by the first elec-
trode. The electrolyte may also be introduced into the
cell by allowing the gelling medium to absorb an aqueous
solution of potassium hydroxide during the process used
to manufacture the second electrode. The method used
to incorporate electrolyte into the cell is not critical pro-
vided the electrolyte is in contact with the first electrode
50, second electrode 60 and separator 20.

[0020] Closure assembly 70 comprises closure mem-
ber 72 and current collector 76. Closure member 72 is
molded to contain a vent 82 that will allow the closure
member 72 to rupture if the cell’s internal pressure be-
comes excessive. The interior surface 74 of closure
member 72 is designed to minimize the volume occupied
by the closure member and thus does not employ pro-
trusions that are designed to limit the movement of a
fragmented electrode. Furthermore, separator 20 is not
adhesively secured to closure member 72. Closure mem-
ber 72 may be made from Nylon 6,6 or another material,
such as a metal, provided the current collector 76 is elec-
trically insulated from the container 10 which serves as
the current collector for the first electrode. Current col-
lector 76 is an elongated nail shaped component made
of brass. Collector 76 is inserted through a centrally lo-
cated hole in closure member 72.

[0021] Closure member 72 is an example of a low pro-
file closure member. As used herein, the term "low profile
closure member" is intended to describe a closure mem-
ber with an interior surface that is not configured to form
a barrier that is intended to physically isolate fragments
of a cell electrode. The low profile closure member may
or may not have a ventable portion. In one embodiment,
the low profile closure member is a ring shaped gasket
that does not include a centrally located diaphragm.
[0022] As shown in Figures 3 and 4, separator 20 is
made from a rectangularly shaped porous film that has
been coiled to form a tube 48. The film is made from
nonwoven fibers. One of the separator’s functions is to
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provide a barrier at the interface of the first and second
electrodes. The barrier must be electrically insulating and
ionically permeable. Another function of the separator is
to prevent direct physical contact between the first elec-
trode and small dislodged fragments of the second elec-
trode. Typically, fragments from the second electrode be-
come separated from the bulk of the second electrode
when the cell is dropped, shaken, vibrated, etc.

[0023] As shown in Fig. 8, the free standing portion of
the separator that extends beyond the interface of the
first and second electrodes must provide a barrier that
will contain the second electrode’s fragments 64 within
the volume defined by the interior surface 74 of closure
member 72, the interior surface 42 of the coiled separator
20 and the surface 62 of the second electrode 60. To
insure that first region 30, see Fig. 4, of coiled separator
20 remains substantially parallel to the container’s side-
wall during the useful life of the battery, the first region
is reinforced to provide structural support. The reinforcing
of the separator is accomplished by coating an edge of
the separator with a reinforcing material that does not
allow the separator to lose its strength after contact with
the cell’s electrolyte.

[0024] Referring to Fig. 3, separator 20 is a rectangu-
larly shaped strip of material with a top edge 22, a bottom
edge 24, a leading edge 26 and a trailing edge 28. Taken
collectively, the top edge, bottom edge, leading edge and
trailing edge define the separator’s perimeter. The strip
has a length L and a height H. A portion of the separator
located below top edge 22 is coated with a reinforcing
material thereby creating a coated edge portion of the
separator. As used herein, the term reinforcing material
means a material thathas been coated onto the separator
and provides or maintains the structural rigidity of the
coated separator after the separator has absorbed the
cell’s electrolyte. Structural rigidity can be maintained by
coating the separator’s fibers so they do not absorb elec-
trolyte and lose the ability to be structurally self-support-
ing. Alternatively, the structural rigidity of the coated sep-
arator may be maintained or improved by coating the
separator’s fibers with a material that solidifies upon con-
tact with the cell’s electrolyte thereby forming a film in
situ on the coated edge portion of the separator. As used
herein, the coated edge portion of the separatoris defined
to be the separator’s reinforced edge. The reinforced
edge is capable of maintaining the separator’s structural
rigidity that existed before the separator was contacted
by the electrolyte. The coating material may be applied
to one side or both sides of the separator. Furthermore,
the coating may be applied to one side of the separator
and then permeate through the separator to the opposite
side of the separator. Suitable coating materials include
polyethylene, polypropylene, polyamides, paraffin, me-
thyl cellulose and chitosan. The coating material must be
resistantto degradation caused by the electrolyte or other
materials contained within the cell.

[0025] AsshowninFig.4, separator 20 has two distinct
regions. First region 30 is the portion of the separator
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coated with a structurally reinforcing material thereby
forming a reinforced edge. Second region 32 is the por-
tion of the separator not coated with the structurally re-
inforcing material used in the first region. When the sep-
arator is incorporated into the cell, as will be explained
later, the separator’s second region is located at the in-
terface of the first and second electrodes. In contrast, the
separator’s first region projects beyond the interface de-
fined by the electrodes and forms a free standing portion
of the separator. Preferably, the entire surface of the first
region is coated with the reinforcing material. However,
less than the entire surface of the separator’s first region
may be coated provided the first portion can remain up-
right after the separator absorbs the cell’s electrolyte. For
example, the reinforcing material may be applied in a
pattern that provides for some uncoated separator within
the reinforced edge. As shown in Fig. 5, one possible
pattern is to apply strips 34 of the reinforcing material
that are parallel to the sidewall 16 of container 10. The
strips are separated by uncoated sections 36 of the sep-
arator. As shown in Fig 6, another possible pattern is to
apply strips 38 of coating material that are perpendicular
to the sidewall 16 of container 10 and separated by un-
coated sections 40. If desired, one pattern of the rein-
forcing material could be applied to one side of the sep-
arator and a different pattern of the reinforcing material
could be applied to the opposite side of the separator.
[0026] Shown in Fig. 7 is an enlarged cross-sectional
view of the separator shown in Fig. 3. The scale of the
drawing is disproportionately large in order to adequately
show the details. Both sides of separator 20 are coated
with the reinforcing material 44. Furthermore, the rein-
forcing material has coated the separator’s fibers.
[0027] Shown in Fig 9 is another embodiment of the
separator useful in cells of the present invention. This
embodiment utilizes a rectangularly shaped strip of sep-
arator material 148 that has been coated on its top edge
142 and bottom edge 144 with at least one reinforcing
material. The top and bottom edges may be coated with
the same reinforcing material or different reinforcing ma-
terials. Strip 148 is then cut into two or more substrips
140. The width of each substrip is equal to or greater
than one-half the circumference of the cavity defined by
the first electrode 50 in container 10. The substrip 140 is
inserted so that the central region 146 of substrip 140 is
located juxtapose the interior surface of the closed end
14 of container 10. The coated edges, 142 and 144, of
the substrip 140 extend above first electrode 50 toward
the open end 12 of container 10.

[0028] Shown in Fig.s 10 A and 10 B is yet another
embodiment of the separator useful in cells of the present
invention. Separator strip 160 is coated on two mutually
parallel edges with at least one reinforcing material. The
strip is coiled to form a tube 166. The coated top edge
162 of strip 160 forms a ring of reinforced separator at
the open end of tube 166. The bottom edge 164 of sep-
arator 160 is folded, creased, ironed or otherwise formed
to seal the bottom of tube 166. A process for forming the
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bottom end of tube 166 is disclosed in US-A- 6,270,833.
[0029] Processes that can be used to manufacture
cells of the present invention will now be described. As
shown in Fig. 11, afirst process includes the step 100 of
providing a separator. In a preferred embodiment, the
separator is a rectangularly shaped film of nonwoven fib-
ers. The separator has a first broad surface, a second
broad surface located on the opposite side of the sepa-
rator from the first broad surface, and an edge defining
the separator’s perimeter. As represented by step 102,
a strip shaped portion of the separator’s broad surface
located adjacent the separator’s perimeter is then coated
with a reinforcing material. The coating may be applied
to only one or both of the separator’s broad surfaces. In
one embodiment, the reinforcing material coats the fibers
of the separator rather than forming a film on one side of
the separator. This coating may prevent or substantially
limit absorption of the cell’s electrolyte by the coated fib-
ers after the separator is inserted into a cell. Alternatively,
the coating may solidify upon contact with the cell’s elec-
trolyte thereby providing structural strength to the coated
portion of the separator. The coating may be applied by
a conventional roll coating machine that is capable of
applying a liquid layer of suitable material, such as pol-
yethylene, to a portion of the separator’s surface adjacent
the separator’s edge. In one embodiment, the coating is
applied along just one edge of the rectangularly shaped
separator. In a second embodiment, the coating is ap-
plied to two mutually parallel edges of the rectangularly
shaped separator. After the coating is applied, it solidifies
into a protective coating that is firmly adhered to the sep-
arator. If desired, two or more coatings may be applied.
The coatings may have different chemical compositions
and/or physical parameters (e.g. width, thickness, etc.)
As represented by step 104, the coated strip of separator
is then coiled to form a tube with at least one open end
defined by the coated portion of the separator. The other
end of the tube may be sealed thereby forming a closed
end tubularly shaped basket. In step 106, a container is
provided. As previously described, the container has an
open end and includes a first electrode that defines a
cavity. The first electrode and cavity formed therein are
concentric with the opening in the container. In Fig. 11,
step 108 represents inserting the coiled separator into
the cavity defined by the first electrode. The separator is
inserted so that the noncoated end of the tube contacts
the first electrode and the coated edge of the tube ex-
tends beyond the first electrode toward the open end of
the container. In one embodiment, the reinforcing mate-
rial does not overlay and thus block the surface of the
first electrode. In another embodiment, the reinforcing
material may block a small portion of the interfacial sur-
face area between the first and second electrodes. Less
than twenty percent of the interfacial surface area is
blocked. More preferably, less than five percent of the
interfacial surface area is blocked. Most preferably, less
than one percent of the interfacial surface area is blocked
by the reinforcing material. A second electrode is inserted
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into the coiled separator in step 110. In a conventional
alkaline battery, the second electrode is made by mixing
zinc particles, a gelling agent and electrolyte to form a
frangible slurry or paste. The consistency of the paste
cannot prevent small fragments of the paste from becom-
ing dislodged from the main body of the paste in a cell
when the cell is dropped. Step 112 represents closing
the container by securing a closure assembly to the open
end of the container. As shown in Fig. 8, closure assem-
bly 70 comprises closure member 72 and current collec-
tor 76.

[0030] During the cell assembly process, a quantity of
an aqueous potassium hydroxide solutionis incorporated
into the cell. The solution serves as the cell’s electrolyte.
The electrolyte may be incorporated into the cell by al-
lowing the gelling agent in the second electrode to absorb
the electrolyte during the electrode manufacturing proc-
ess which occurs prior to inserting the second electrode
into the coiled separator. In addition, a quantity of elec-
trolyte may be dispensed into the partially completed cell
any time after the first electrode has been inserted into
the container and prior to closing the cell.

[0031] Shown in Fig. 12 is a second process for man-
ufacturing cells of the present invention. Step 120 repre-
sents providing a separator. In a preferred embodiment,
the separator is a porous, rectangularly shaped film of
nonwoven material. The separator has two broad surfac-
es and an edge defining the separator’'s perimeter. In
step 122, the separator is coiled to form a tube with at
least one open end. The other end of the tube may be
sealed to form a closed end tubularly shaped basket. The
basket may comprise one, two or more layers of sepa-
rator material in the sidewall of the basket. The number
of layers is determined by controlling the length of the
separator strip prior to coiling. In step 124, the open end
of the coiled separator is coated with a reinforcing mate-
rial. In one embodiment, the open end of the coiled sep-
arator is dipped into a vessel containing the reinforcing
material in a fluid state. Preferably, the material is allowed
to permeate through the separator and coat the separa-
tor’s fibers. The coating may prevent or substantially limit
absorption of the cell’s electrolyte by the coated fibers
after the separator has been inserted into a cell. The
amount of separator coated with the reinforcing material
should be limited to the minimum amount needed to in-
sure that the coated portion of the separator remains par-
allel to the container’s sidewall after the separator has
been contacted by the cell’s electrolyte. In addition to dip
coating, the reinforcing material may be applied to the
separator by spraying. If desired, the separator may be
coated two or more times. The coatings may have differ-
ent chemical compositions and/or physical parameters.
After the coating is applied, itis allowed to solidify thereby
producing a structurally self supporting circular section
at the open end of the coiled separator. As represented
in step 126, a container is provided. As previously de-
scribed, the container has an open end and includes first
electrode that defines a cavity. The first electrode and
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cavity formed therein are concentric with the opening in
the container. In Fig. 12, step 128 represents inserting
the separator tube into the cavity defined by the first elec-
trode so that the open end of the separator tube is in
close proximity to the open end of the container and the
opposite end of the tube is near the closed end of the
container. The coated edge of the coiled separator tube
is made to extend beyond the first electrode toward the
open end of the container. In step 130 a second electrode
is inserted into the tube defined by the coiled separator.
Fora conventional cylindrical alkaline battery, the second
electrode is made by mixing zinc particles, a gelling agent
and electrolyte to form a frangible slurry or paste. The
consistency of the paste cannot prevent small fragments
of the paste from becoming dislodged from the main body
of the paste in a cell when the cell is dropped. Step 132
represents closing the container by securing a closure
assembly to the open end of the container. The assembly
may include a closure member and a current collector.
[0032] Shown in Fig. 13 is a third process for manu-
facturing cells of the present invention. Step 180 repre-
sents providing a container having an open end, a closed
end and a first electrode defining a cavity therein. Step
182 represents providing a first rectangularly shaped
strip of separator with two opposing edges coated with
a reinforcing material. An uncoated portion of the sepa-
rator lies between the two coated edges. In step 184, the
first rectangularly shaped strip is inserted into the cavity
defined by the first electrode. The uncoated portion of
the separator lines the cavity and the coated edges ex-
tend beyond the first electrode toward the open end of
the container. The coated edges are aligned so that a
continuous ring of coated material is formed between the
first electrode and the open end of the container. In step
186, a second electrode is inserted into the separator
lined cavity. Step 188 represents closing the container
by securing a closure assembly to the open end of the
container.

[0033] Inanalternate embodiment of the third process,
a second rectangularly shaped strip of separator having
two opposing edges is provided and inserted into the
cavity lined by the first separator strip. Insertion of the
second strip occurs prior to insertion of the second elec-
trode. The first and second separator strips are posi-
tioned perpendicular to one another. The edges of the
second strip extend beyond the first electrode toward the
open end of the container. The two opposing edges of
the second strip may be coated with a reinforcing mate-
rial.

[0034] After the cell has been assembled using any of
the above described methods, the portion of the separa-
tor located between and thus at the interface of the first
and second electrodes, defined earlier as the second re-
gion of the separator, readily absorbs some of the cell’s
electrolyte and thereby loses some of its structural rigid-
ity. However, since this portion of the separator is phys-
ically trapped between the first and second electrodes,
the second region of the separator does not need to be
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structurally self supporting in order to function properly.
In contrast, the coated portion of the separator, defined
earlier as the first region of the separator, needs to be
structurally self supporting after contacting the cell’s elec-
trolyte so that the separator remains substantially parallel
to the container’s sidewall during the useful life of the
battery and thereby prevents fragments of the second
electrode from contacting the first electrode.

[0035] The above description is considered that of the
preferred embodiments only. Modifications of the inven-
tion will occur to those skilled in the art and to those who
make or use the invention.

Claims
1. An electrochemical cell, comprising:

(a) a container (10) having an open end (12), a
closed end (14) and a sidewall (16);

(b) afirst electrode (50) located within said con-
tainer (10), said first electrode (50) defining a
cavity having an interior surface (56);

(c) electrolyte located within said container (10)
and in contact with said first electrode (50);

(d) a separator (20) forming a lining on the inte-
rior surface (56) of the cavity defined by said first
electrode (50), said separator (20) comprising a
free standing reinforced edge that extends be-
yond said first electrode (50) toward the open
end (12) of said container (10), said reinforced
edge comprises a reinforcing material that pro-
vides structural support to the free standing re-
inforced edge of said separator (20) after the
separator has absorbed said electrolyte;

(e) a second electrode (60) located within the
separator lined cavity, said separator (20) form-
ing an interface between said first and second
electrodes (50, 60); and

(f) a closure assembly (70) secured to the open
end (12) of said container (10),

characterized in that said separator (20) comprises
a flexible porous film of nonwoven fibers having a
first broad surface, a second broad surface located
on the opposite side of the separator (20) from the
first broad surface, and a perimeter, and said rein-
forcing material covers less than 20 % of the elec-
trodes’ interfacial surface area.

2. The electrochemical cell of claim 1, wherein said clo-
sure assembly (70) comprises a low profile closure
member (72).

3. The electrochemical cell of claim 1, wherein said
separator (20) comprises a first region (30) located
beyond the interface of said electrodes (50, 60) and
below the closure assembly (70), and a second re-
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gion (32) located between the first and second elec-
trodes (50, 60), said first region (30) comprises a
reinforcing material, said second region (32) does
not comprise the reinforcing material incorporated
into the first region (30).

The electrochemical cell of claim 1, wherein said re-
inforced edge is substantially parallel to the contain-
er’s sidewall (16).

The electrochemical cell of claim 1, wherein said sec-
ond electrode (60) is a frangible gel comprising an
aqueous solution of potassium hydroxide.

The electrochemical cell of claim 1, wherein said re-
inforced edge comprises a material selected from
the group consisting of polyethylene, polypropylene,
polyamides, paraffin, methyl cellulose and chitosan.

The electrochemical cell of claim 6, wherein said ma-
terial coats the fibers in the reinforced edge thereby
preventing absorption of the electrolyte by the coated
portions of the fibers.

The electrochemical cell of claim 6, wherein said ma-
terial permeates through the pores of said separator
from said separator’s first broad surface to said sep-
arator’s second broad surface.

The electrochemical cell of claim 6, wherein only one
or both of said separator’s broad surfaces is partially
coated with the material.

The electrochemical cell of claim 1, wherein said
separator (20) is a tube (166) having an open end,
said tube formed by coiling said separator (20).

The electrochemical cell of claim 10, wherein said
tubularly shaped separator (166) is closed on one
end.

The electrochemical cell of claim 1, wherein the re-
inforcing material covers less than five percent, pref-
erably less than one percent of the electrodes’ inter-
facial surface area.

The electrochemical cell of claim 1, wherein the re-
inforced edge comprises a continuous or a discon-
tinuous coating of reinforcing material.

The electrochemical cell of claim 13, wherein said
discontinuous coating comprises strips of reinforcing
material.

The electrochemical cell of claim 1, wherein said
separator (20) comprises a first rectangularly
shaped strip of separator (20) material having a cen-
tral region and two mutually parallel edges, both of
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said mutually parallel edges comprising a reinforcing
material.

The electrochemical cell of claim 15, wherein the
central region of said strip is located juxtapose the
closed end of said container (10) and said edges of
said separator (20) extend beyond said first elec-
trode (50) toward said closure assembly (70).

The electrochemical cell of claim 16, further com-
prising a second rectangularly shaped strip of sep-
arator material having a central region and two mu-
tually parallel edges wherein both edges comprise
areinforcing material, said central region of said sec-
ond strip located juxtapose the central region of said
first strip and the edges of said second strip extend
beyond said first electrode toward said closure as-
sembly (70).

The electrochemical cell of claim 17, wherein said
separator (20) comprises two elongated rectangular
strips positioned perpendicular to one another and
crossing at their central regions thereby forming a
tube having a closed end and an open end.

The electrochemical cell of claim 15, wherein said
first strip is coiled to form a tube (166) comprising a
reinforced opening on one end and a reinforced
sealed bottom on the opposite end.

The electrochemical cell according to anyone of
claims 1 to 19, comprising:

(a) a tubularly shaped container (10) having an
open end (12), a closed end (14) and a sidewall
(16);

(b) afirst electrode (50) located within said con-
tainer (10), said first electrode concentric with
said container’s sidewall (16) and defining a cir-
cular cavity having an interior surface;

(c) electrolyte located within said container (10)
and in contact with said first electrode (50), said
electrolyte comprising an aqueous solution of
potassium hydroxide;

(d) a separator (20) forming a lining on the inte-
rior surface of the cavity defined by said first
electrode (50), said separator (20) comprising a
free standing reinforced edge that extends be-
yond said first electrode (50) toward the open
end of said container (10), said reinforced edge
comprising a reinforcing material and remaining
parallel to the sidewall (16) of said container (10)
after absorption of said electrolyte by said sep-
arator (20);

(e) a frangible second electrode (60) located
within the separator (20) lined cavity, said sec-
ond electrode (60) comprising zinc particles sus-
pended in a gel, said separator forming an in-
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terface between said firstand second electrodes
(50, 60); and

(f) a closure assembly (70) secured to the open
end (12) of said container (10), said assembly
(70) comprising a closure member (72) overlay-
ing and sealing the open end (12) of said con-
tainer (10).

A process for manufacturing an electrochemical cell,
comprising the steps of:

(a) providing a strip of separator (20);

(b) coating at least one edge of said separator
strip (20) with a reinforcing material;

(c) coiling the coated strip to form a tube com-
prising a noncoated portion and a coated rein-
forced edge defining an opening at one end of
the tube;

(d) providing a container (10) having an open
end (12) and comprising a first electrode (50)
defining a cavity therein;

(e) inserting the coiled tube (70) into the cavity
defined by the first electrode (50) so that the
noncoated portion contacts said first electrode
(50) and a coated edge of the tube (20) extends
beyond said first electrode (50) toward the open
end (12) of said container (10);

(f) inserting a second electrode (60) into the tube
defined by the coiled separator (20); and

(g9) closing said container (10) by securing a clo-
sure assembly (70) to the open end (12) of said
container;

characterized in that said separator (20) comprises
a flexible porous film of nonwoven fibers having a
first broad surface, a second broad surface located
on the opposite side of the separator (20) from the
first broad surface, and a perimeter, and said rein-
forcing material covers less than 20 % of the elec-
trodes’ interfacial surface area.

The process of claim 21, wherein the reinforcing ma-
terial provides structural support to said separator’'s
reinforced edge.

The process of claim 21, wherein said second elec-
trode (60) comprises a frangible gel, preferably a
frangible gel comprising zinc particles and an aque-
ous electrolyte.

The process of claim 21, further comprising the step
of disposing a quantity of electrolyte within the coiled
tube (20).

The process of claim 21, wherein said separator (20)
comprises nonwoven fibers.

The process of claim 21, wherein said tube (20) com-
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prises two or more layers of separator.

The process of claim 21, wherein two edges of said
separator strip (20) are coated with said reinforcing
material.

The process of claim 27, wherein said coated edges
are parallel to one another.

The process of any one of claims 21 to 28 comprising
the steps of:

(a) providing a strip of separator (20);

(b) coiling the strip to form a tube (20) with at
least one open end;

(c) coating the open end of the tube (20) with a
reinforcing material;

(d) providing a container (10) having an open
end (12), a closed end (14) and a first electrode
(50) defining a cavity therein;

(e) inserting the coiled tube (20) into the cavity
defined by the first electrode (50) so that the
open end of the tube is in close proximity to the
open end (12) of the container (10) and the op-
posite end of the tube is in close proximity to the
closed end (14) of the container (10);

(f) inserting a second electrode (60) into the tube
defined by the coiled separator (20); and

(g9) closing said container (10) by securing a clo-
sure assembly (70) to the open end (12) of said
container.

The process of claim 29, wherein the open end of
the tube (20) is coated by dipping a portion of the
tube (20) into a reinforcing material or by spraying a
portion of the tube (20) with a reinforcing material.

The process of claim 29 further comprising the step
of disposing electrolyte into the cavity defined by said
first electrode (50).

The process according to claim 27, wherein said strip
of separator (20) is rectangularly shaped and the
edges of said separator (20) coated with areinforcing
material are opposed to each other.

The process of claim 32, wherein said coated edges
overlap one another thereby forming a continuous
ring of coated separator (20) material between said
first electrode (50) and the open end (12) of said
container (10).

The process of claim 29 further comprising the steps
of;

(h) providing a second rectangularly shaped
strip of separator (20) having two opposing edg-
es; and
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(i) inserting said second rectangularly shaped
strip of separator into the cavity lined by said
first separator prior to the insertion of said sec-
ond electrode (50), said second separator posi-
tioned perpendicular to said first strip of sepa-
rator and said opposing edges extend beyond
said first electrode (50) toward the open end (12)
of the container (10).

Patentanspriiche

Elektrochemische Zelle, umfassend:

(a) einen Behalter (10) mit einem offenen Ende
(12), einem geschlossenen Ende (14) und einer
Seitenwand (16);

(b) eine erste Elektrode (50), die sich innerhalb
des Behalters (10) befindet, wobei die erste
Elektrode (50) einen Hohlraum mit einer Innen-
flache (56) definiert;

(c) einen Elektrolyten, der sichinnerhalb des Be-
halters (10) und in Kontakt mit der ersten Elek-
trode (50) befindet;

(d) einen Separator (20), der eine Auskleidung
auf der Innenflache (56) des durch die erste
Elektrode (50) definierten Hohlraums bildet, wo-
bei der Separator (20) einen freistehenden ver-
starkten Rand umfasst, der sich Uber die erste
Elektrode (50) hinaus zum offenen Ende (12)
des Behalters (10) erstreckt, wobei der verstark-
te Rand ein Verstarkungsmaterial umfasst, das
fur strukturellen Halt des freistehenden verstark-
ten Randes des Separators (20) sorgt, nachdem
der Separator den Elektrolyten aufgesaugt hat;
(e) eine zweite Elektrode (60), die sich innerhalb
des ausgekleideten Hohlraums des Separators
befindet, wobei der Separator (20) eine Grenz-
flache zwischen der ersten und der zweiten
Elektrode (50, 60) bildet; und

(f) eine Verschlussbaugruppe (70), die am offe-
nen Ende (12) des Behélters (10) befestigt ist;

dadurch gekennzeichnet, dass der Separator (20)
einen flexiblen porésen Film aus ungewebten Fa-
sern mit einer ersten breiten Flache, einer zweiten
breiten Flache, die sich auf der der ersten breiten
Flache entgegengesetzten Seite des Separators
(20) befindet, und einen Umfang umfasst und das
Verstarkungsmaterial weniger als 20% der Grenz-
flache zwischen den Elektroden bedeckt.

Elektrochemische Zelle gemaf Anspruch 1, wobei
die Verschlussbaugruppe (70) ein flaches Ver-
schlusselement (72) umfasst.

Elektrochemische Zelle gemal Anspruch 1, wobei
der Separator (20) einen ersten Bereich (30), der
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10.

11.

12.

13.

sich jenseits der Grenzflache zwischen den Elektro-
den (50, 60) und unterhalb der Verschlussbaugrup-
pe (70) befindet, und einen zweiten Bereich (32), der
sich zwischen der ersten und der zweiten Elektrode
(50, 60) befindet, umfasst, wobei der erste Bereich
(30) ein Verstarkungsmaterial umfasst, wobei der
zweite Bereich (32) das in den ersten Bereich (30)
eingearbeitete Verstarkungsmaterial nicht umfasst.

Elektrochemische Zelle gemal Anspruch 1, wobei
der verstarkte Rand im Wesentlichen parallel zur
Seitenwand (16) des Behalters verlauft.

Elektrochemische Zelle gemafl Anspruch 1, wobei
die zweite Elektrode (60) ein zerbrechliches Gel ist,
das eine wassrige Lésung von Kaliumhydroxid um-
fasst.

Elektrochemische Zelle gemal Anspruch 1, wobei
der verstarkte Rand ein Material umfasst, das aus
der Gruppe ausgewahlt ist, die aus Polyethylen, Po-
lypropylen, Polyamiden, Paraffin, Methylcellulose
und Chitosan besteht.

Elektrochemische Zelle gemafl Anspruch 6, wobei
das Material die Fasern in dem verstarkten Rand
Uberzieht, wodurch es eine Absorption des Elektro-
lyten durch die tUberzogenen Teile der Fasern ver-
hindert.

Elektrochemische Zelle gemafl Anspruch 6, wobei
das Material von der ersten breiten Flache des Se-
parators aus durch die Poren des Separators zur
zweiten breiten Flache des Separators dringt.

Elektrochemische Zelle gemafl Anspruch 6, wobei
nur eine oder beide breiten Flachen des Separators
partiell mit dem Material beschichtet sind.

Elektrochemische Zelle gemafl Anspruch 1, wobei
der Separator (20) ein Rohr (166) mit einem offenen
Ende ist, wobei das Rohr durch spiraliges Aufwickeln
des Separators (20) entsteht.

Elektrochemische Zelle gemaR Anspruch 10, wobei
der rohrférmige Separator (166) an einem Ende ge-
schlossen ist.

Elektrochemische Zelle gemafl Anspruch 1, wobei
das Verstarkungsmaterial weniger als fiinf Prozent,
vorzugsweise weniger als ein Prozent, der Grenz-
flache zwischen den Elektroden bedeckt.

Elektrochemische Zelle gemafl Anspruch 1, wobei
der verstarkte Rand eine kontinuierliche oder dis-
kontinuierliche Beschichtung mit Verstarkungsma-
terial umfasst.
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Elektrochemische Zelle gemaR Anspruch 13, wobei
die diskontinuierliche Beschichtung Streifen aus
Verstarkungsmaterial umfasst.

Elektrochemische Zelle gemafR Anspruch 1, wobei
der Separator (20) einen ersten rechteckférmigen
Streifen aus Separatormaterial (20) umfasst, das ei-
nen zentralen Bereich und zwei zueinander parallele
Rander aufweist, wobei beide zueinander parallelen
Réander ein Verstarkungsmaterial umfassen.

Elektrochemische Zelle gemafR Anspruch 15, wobei
sich der zentrale Bereich des Streifens neben dem
geschlossenen Ende des Behalters (10) befindet
und sich die Rander des Separators (20) Gber die
erste Elektrode (50) hinaus zur Verschlussbaugrup-
pe (70) hin erstrekken.

Elektrochemische Zelle gemafR Anspruch 16, die
weiterhin einen zweiten rechteckférmigen Streifen
aus Separatormaterial umfasst, das einen zentralen
Bereich und zwei zueinander parallele Rander auf-
weist, wobei beide Rander ein Verstarkungsmaterial
umfassen, wobei sich der zentrale Bereich des zwei-
ten Streifens neben dem zentralen Bereich des er-
sten Streifens befindet und sich die R&nder des zwei-
ten Streifens Uiber die erste Elektrode hinaus zur Ver-
schlussbaugruppe (70) hin erstrekken.

Elektrochemische Zelle gemal Anspruch 17, wobei
der Separator (20) zwei langliche rechteckige Strei-
fen umfasst, die senkrecht aufeinander stehen und
sich in ihren zentralen Bereichen kreuzen, wodurch
ein Rohr mit einem geschlossenen Ende und einem
offenen Ende entsteht.

Elektrochemische Zelle gemaf Anspruch 15, wobei
der erste Streifen unter Bildung eines Rohrs (166)
spiralig aufgerolltist, das eine verstarkte Offnung an
einem Ende und einen verstarkten abgedichteten
Boden am entgegengesetzten Ende umfasst.

Elektrochemische Zelle gemal einem der Anspri-
che 1 bis 19, umfassend:

(a) einen rohrférmigen Behalter (10) mit einem
offenen Ende (12), einem geschlossenen Ende
(14) und einer Seitenwand (16);

(b) eine erste Elektrode (50), die sich innerhalb
des Behélters (10) befindet, wobei die erste
Elektrode konzentrisch zur Seitenwand (16) des
Behalters verlauft und einen kreisférmigen
Hohlraum mit einer Innenflache definiert;

(c) einen Elektrolyten, der sichinnerhalb des Be-
halters (10) und in Kontakt mit der ersten Elek-
trode (50) befindet, wobei der Elektrolyt eine
wassrige Lésung von Kaliumhydroxid umfasst;
(d) einen Separator (20), der eine Auskleidung
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auf der Innenflache des durch die erste Elektro-
de (50) definierten Hohlraums bildet, wobei der
Separator (20) einen freistehenden verstarkten
Rand umfasst, der sich liber die erste Elektrode
(50) hinaus zum offenen Ende des Behalters
(10) erstreckt, wobei der verstarkte Rand ein
Verstérkungsmaterial umfasst und parallel zur
Seitenwand (16) des Behalters (10) bleibt, nach-
dem der Separator (20) den Elektrolyten aufge-
saugt hat;

(e) eine zerbrechliche zweite Elektrode (60), die
sich innerhalb des ausgekleideten Hohlraums
des Separators (20) befindet, wobei die zweite
Elektrode (60) in einem Gel suspendierte Zink-
teilchen umfasst, wobei der Separator eine
Grenzflache zwischen der ersten und der zwei-
ten Elektrode (50, 60) bildet; und

(f) eine Verschlussbaugruppe (70), die am offe-
nen Ende (12) des Behalters (10) befestigt ist,
wobei die Baugruppe (70) ein Verschlussele-
ment (72) umfasst, das Uber dem offenen Ende
(12) des Behalters (10) liegt und dieses ver-
schlief3t.

21. Verfahren zur Herstellung einer elektrochemischen

Zelle, umfassend die Schritte:

(a) Bereitstellen eines Streifens aus Separator
(20);

(b) Beschichten wenigstens eines Randes des
Separatorstreifens (20) mit einem Verstar-
kungsmaterial;

(c) spiraliges Aufwickeln des beschichteten
Streifens unter Bildung eines Rohrs, das einen
unbeschichteten Teil und einen beschichteten
verstarkten Rand, der eine Offnung an einem
Ende des Rohrs definiert, umfasst;

(d) Bereitstellen eines Behalters (10), der ein
offenes Ende (12) aufweist und eine erste Elek-
trode (50) umfasst, die einen Hohlraum darin
definiert;

(e) Einsetzen des spiralig aufgewickelten Rohrs
(70) in den durch die erste Elektrode (50) defi-
nierten Hohlraum in einer solchen Weise, dass
der unbeschichtete Teil mit der ersten Elektrode
(50) in Kontakt ist und sich ein beschichteter
Rand des Rohrs (20) Uber die erste Elektrode
(50) hinaus zum offenen Ende (12) des Behal-
ters (10) erstreckt;

(f) Einsetzen einer zweiten Elektrode (60) in das
durch den spiralig aufgewickelten Separator
(20) definierte Rohr; und

(g) Verschlief’en des Behalters (10) durch Be-
festigen einer Verschlussbaugruppe (70) am of-
fenen Ende (12) des Behalters;

dadurch gekennzeichnet, dass der Separator (20)
einen flexiblen porésen Film aus ungewebten Fa-
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sern mit einer ersten breiten Flache, einer zweiten
breiten Flache, die sich auf der der ersten breiten
Flache entgegengesetzten Seite des Separators
(20) befindet, und einen Umfang umfasst und das
Verstéarkungsmaterial weniger als 20% der Grenz-
flache zwischen den Elektroden bedeckt.

Verfahren gemaR Anspruch 21, wobei das Verstar-
kungsmaterial fur strukturellen Halt des verstarkten
Randes des Separators sorgt.

Verfahren gemal Anspruch 21, wobei die zweite
Elektrode (60) ein zerbrechliches Gel umfasst, vor-
zugsweise ein zerbrechliches Gel, das Zinkteilchen
und einen wassrigen Elektrolyten umfasst.

Verfahren gemaR Anspruch 21, das weiterhin den
Schritt des Bereitstellens einer Menge an Elektrolyt
innerhalb des spiralig aufgewickelten Rohrs (20) um-
fasst.

Verfahren gemaf Anspruch 21, wobei der Separator
(20) ungewebte Fasern umfasst.

Verfahren geman Anspruch 21, wobei das Rohr (20)
zwei oder mehr Schichten des Separators umfasst.

Verfahren gemaf Anspruch 21, wobei zwei Rander
des Separatorstreifens (20) mit dem Verstarkungs-
material beschichtet sind.

Verfahren gemaf Anspruch 27, wobei die beschich-
teten Rander parallel zueinander liegen.

Verfahren gemaf einem der Anspriiche 21 bis 28,
umfassend die Schritte:

(a) Bereitstellen eines Streifens aus Separator
(20);

(b) spiraliges Aufwickeln des Streifens unter Bil-
dung eines Rohrs (20) mit wenigstens einem of-
fenen Ende;

(c) Beschichten des offenen Endes des Rohrs
(20) mit einem Verstarkungsmaterial;

(d) Bereitstellen eines Behalters (10), der ein
offenes Ende (12), ein geschlossenes Ende (14)
und eine erste Elektrode (50), die einen Hohl-
raum darin definiert, aufweist;

(e) Einsetzen des spiralig aufgewickelten Rohrs
(20) in den durch die erste Elektrode (50) defi-
nierten Hohlraum in einer solchen Weise, dass
sich das offene Ende des Rohrs in gro3er Nahe
zum offenen Ende (12) des Behalters (10) be-
findet und sich das entgegengesetzte Ende des
Rohrs in groer Nahe zum geschlossenen Ende
(14) des Behaélters (10) befindet;

(f) Einsetzen einer zweiten Elektrode (60) in das
durch den spiralig aufgewickelten Separator
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(20) definierte Rohr; und

(g) VerschlieRen des Behalters (10) durch Be-
festigen einer Verschlussbaugruppe (70) am of-
fenen Ende (12) des Behalters.

Verfahren gemaf Anspruch 29, wobei das offene
Ende des Rohrs (20) dadurch beschichtet wird, dass
man einen Teil des Rohrs (20) in ein Verstarkungs-
material eintaucht oder dass man einen Teil des
Rohrs (20) mit einem Verstarkungsmaterial be-
spriht.

Verfahren gemaR Anspruch 29, das weiterhin den
Schritt des Bereitstellens von Elektrolytin dem durch
die erste Elektrode (50) definierten Hohlraum um-
fasst.

Verfahren gemaf Anspruch 27, wobei der Separa-
torstreifen (20) rechteckférmig ist und die mit einem
Verstarkungsmaterial beschichteten Rander des
Separators (20) einander entgegengesetzt angeord-
net sind.

Verfahren gemafR Anspruch 32, wobei die beschich-
teten Rander miteinander tberlappen und dadurch
einen kontinuierlichen Ring aus beschichtetem Se-
paratormaterial (20) zwischen der ersten Elektrode
(50) und dem offenen Ende (12) des Behalters (10)
bilden.

Verfahren gemaR Anspruch 29, das weiterhin die
folgenden Schritte umfasst:

(h) Bereitstellen eines zweiten rechteckférmi-
gen Streifens aus Separator (20), der zwei ent-
gegengesetzte Rander aufweist; und

(i) Einsetzen des zweiten rechteckférmigen
Streifens aus Separator in den vom ersten Se-
parator ausgekleideten Hohlraum vor dem Ein-
setzen der zweiten Elektrode (50), wobei sich
der zweite Separator senkrecht zu dem ersten
Separatorstreifen befindet und sich die entge-
gengesetzten Rander Uber die erste Elektrode
(50) hinaus zum offenen Ende (12) des Behél-
ters (10) erstrekken.

Revendications

1.

Cellule électrochimique, comprenant :

(a) un boitier (10) ayant une extrémité ouverte
(12), une extrémité fermée (14) et une paroi la-
térale (16) ;

(b) une premiéere électrode (50) située dans ledit
boitier (10), ladite premiére électrode (50) défi-
nissant une cavité ayant une surface intérieure
(56) ;
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(c) un électrolyte situé dans ledit boitier (10) et
en contact avec ladite premiéere électrode (50) ;
(d) un séparateur (20) formant un revétement
sur la surface intérieure (56) de la cavité définie
par ladite premiére électrode (50), ledit sépara-
teur (20) comprenant un bord renforcé libre qui
s’étend au-dela de ladite premiére électrode
(50) vers I'extrémité ouverte (12) dudit boitier
(10), ledit bord renforcé comprenant un maté-
riau de renfort qui fournit un support structurel
au bord renforcé libre dudit séparateur (20)
aprées que le séparateur a absorbé ledit
électrolyte ;

(e) une seconde électrode (60) située dans la
cavité revétue du séparateur, ledit séparateur
(20) formant une interface entre lesdites premié-
re et seconde électrodes (50, 60) ; et

(f) un ensemble de fermeture (70) fixé a I'extré-
mité ouverte (12) dudit boitier (10),

caractérisée en ce que ledit séparateur (20) com-
prend un film poreux flexible de fibres non-tissées
ayant une premiére surface large, une seconde sur-
face large située sur le coté opposé du séparateur
(20) par rapport a la premiere surface large, et un
périmétre, et ledit matériau de renfort couvre moins
de 20% de la superficie interfaciale des électrodes.

Cellule électrochimique selon la revendication 1,
dans laquelle ledit ensemble de fermeture (70) com-
prend un élément de fermeture a bas profil (72).

Cellule électrochimique selon la revendication 1,
dans laquelle ledit séparateur (20) comprend une
premiére zone (30) située au-dela de l'interface des-
dites électrodes (50, 60) et sous I'ensemble de fer-
meture (70) et une seconde zone (32) située entre
la premiére et la seconde électrodes (50, 60), ladite
premiére zone (30) comprenant un matériau de ren-
fort, ladite seconde zone (32) ne comprenant pas le
matériau de renfort intégré dans la premiére zone
(30).

Cellule électrochimique selon la revendication 1,
dans laquelle ledit bord renforcé est sensiblement
paralléle a la paroi latérale du boitier (16).

Cellule électrochimique selon la revendication 1,
dans laquelle ladite seconde électrode (60) est un
gel frangible comprenant une solution aqueuse d’hy-
droxyde de potassium.

Cellule électrochimique selon la revendication 1,
dans laquelle ledit bord renforcé comprend un ma-
tériau choisi dans le groupe constitué de polyéthy-
Iene, polypropyléne, polyamides, paraffine, méthyl-
cellulose et chitosan.
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7.

10.

11.

12.

13.

14.

15.

16.

17.

24

Cellule électrochimique selon la revendication 6,
dans laquelle ledit matériau recouvre les fibres dans
le bord renforcé en empéchant ainsi I'absorption de
I'électrolyte par les parties revétues des fibres.

Cellule électrochimique selon la revendication 6,
danslaquelle leditmatériau passe a travers les pores
dudit séparateur depuis la premiére surface large du
séparateur jusqu’a ladite seconde surface large du
séparateur.

Cellule électrochimique selon la revendication 6,
dans laquelle une seule ou les deux surfaces larges
dudit séparateur sont partiellement revétues avec le
matériau.

Cellule électrochimique selon la revendication 1,
dans laquelle ledit séparateur (20) est un tube (166)
ayant une extrémité ouverte, ledit tube étant formé
par I'enroulement dudit séparateur (20).

Cellule électrochimique selon la revendication 10,
dans laquelle ledit séparateur de forme tubulaire
(166) est fermé a une extrémité.

Cellule électrochimique selon la revendication 1,
dans laquelle le matériau de renfort couvre moins
de cing pour cent, de préférence moins d’'un pour
cent de la superficie interfaciale des électrodes.

Cellule électrochimique selon la revendication 1,
dans laquelle le bord renforcé comprend un revéte-
ment continu ou discontinu de matériau de renfort.

Cellule électrochimique selon la revendication 13,
dans laquelle ledit revétement discontinu comprend
des bandes de matériau de renfort.

Cellule électrochimique selon la revendication 1,
dans laquelle ledit séparateur (20) comprend une
premiére bande de forme rectangulaire du matériau
du séparateur (20) ayant une zone centrale et deux
bords réciproquement paralléles, deux desdits bords
réciproquement paralléles comprenant un matériau
de renfort.

Cellule électrochimique selon la revendication 15,
dans laquelle la zone centrale de ladite bande est
située de maniére juxtaposée a I'extrémité fermée
dudit boitier (10) et lesdits bords dudit séparateur
(20) s’étendent au-dela de ladite premiére électrode
(50) vers ledit ensemble de fermeture (70).

Cellule électrochimique selon la revendication 16,
comprenant en outre une seconde bande de forme
rectangulaire de matériau de séparateur, ayant une
zone centrale et deux bords réciproquement paral-
leles, dans lesquels les deux bords comprennent un



18.

19.

20.

25

matériau de renfort, ladite zone centrale de ladite
seconde bande étant située de maniére juxtaposée
a la zone centrale de ladite premiére bande et les
bords de ladite seconde bande s’étendant au-dela
de ladite premiére électrode vers ledit ensemble de
fermeture (70).

Cellule électrochimique selon la revendication 17,
dans laquelle ledit séparateur (20) comprend deux
bandes rectangulaires allongées, positionnées de
fagon perpendiculaire 'une a l'autre et se croisant
dans leurs régions centrales, en formant ainsi un tu-
be ayant une extrémité fermée et une extrémité
ouverte.

Cellule électrochimique selon la revendication 15,
dans laquelle ladite premiére bande est enroulée
pour former un tube (166) comprenant une ouverture
renforcée d'un c6té et un fond scellé renforcé de
l'autre cote.

Cellule électrochimique selon I'une quelconque des
revendications 1 a 19, comprenant :

(a) un boitier de forme tubulaire (10) ayant une
extrémité ouverte (12), une extrémité fermée
(14) et une paroi latérale (16) ;

(b) une premiere électrode (50) située dans ledit
récipient (10), ladite premiére électrode étant
concentrique avec ladite paroi latérale (16) du
boitier et définissant une cavité circulaire ayant
une surface intérieure ;

(c) un électrolyte situé dans ledit boitier (10) et
en contact avec ladite premiere électrode (50),
ledit électrolyte comprenant une solution aqueu-
se d’hydroxyde de potassium ;

(d) un séparateur (20) formant un revétement
sur la surface intérieure de la cavité définie par
ladite premiére électrode (50), ledit séparateur
(20) comprenant un bord renforcé libre qui
s’étend au-dela de ladite premiére électrode
(50) vers I'extrémité ouverte dudit boitier (10),
ledit bord renforcé comprenant un matériau de
renfort et restant paralléle a la paroi latérale (16)
dudit boitier (10) aprés absorption dudit électro-
lyte par ledit séparateur (20) ;

(e) une seconde électrode frangible (60) située
dans la cavité revétue du séparateur (20), ladite
seconde électrode (60) comprenant des parti-
cules de zinc suspendues dans un gel, ledit sé-
parateur formant une interface entre lesdites
premiére et seconde électrodes (50, 60) ; et

(f) un ensemble de fermeture (70) fixé a I'extré-
mité ouverte (12) dudit boitier (10), ledit ensem-
ble (70) comprenant un élément de fermeture
(72) recouvrant et scellant I'extrémité ouverte
(12) dudit boitier (10).
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21.

22.

23.

24.

25,

26.

27.

26

Procédé de fabrication d’'une cellule électrochimi-
que, comprenant les étapes consistant a :

(a) fournir une bande de séparateur (20) ;

(b) revétir au moins un bord de ladite bande de
séparateur (20) avec un matériau de renfort ;
(c) enrouler la bande revétue de fagon a former
un tube comprenant une partie non-revétue et
un bord renforcé revétu définissant une ouver-
ture a une extrémité du tube ;

(d) fournir un boitier (10) ayant une extrémité
ouverte (12) et comprenant une premiére élec-
trode (50) définissant une cavité a l'intérieur ;
(e) insérer le tube enroulé (70) dans la cavité
définie par la premiéere électrode (50), de sorte
que la partie non-revétue entre en contact avec
ladite premiére électrode (50) et qu’un bord re-
vétu du tube (20) s’étende au-dela de ladite pre-
miére électrode (50) vers I'extrémité ouverte
(12) dudit boitier (10) ;

(f) insérer une seconde électrode (60) dans le
tube défini par le séparateur enroulé (20) ; et
(g) fermer ledit boitier (10) en fixantun ensemble
de fermeture (70) aI'extrémité ouverte (12) dudit
boitier ;

caractérisé en ce que ledit séparateur (20) com-
prend un film poreux flexible de fibres non tissées,
ayant une premiére surface large, une seconde sur-
face large située sur le coté opposé du séparateur
(20) depuis la premiere surface large, et un périme-
tre, et ledit matériau de renfort couvrant moins de
20% de la superficie interfaciale des électrodes.

Procédé selon la revendication 21, dans lequel le
matériau de renfort fournit un support structurel audit
bord renforcé du séparateur.

Procédé selonlarevendication 21, dans lequel ladite
seconde électrode (60) comprend un gel frangible,
de préférence un gel frangible comprenant des par-
ticules de zinc et un électrolyte aqueux.

Procédé selon la revendication 21, comprenant en
outre I'étape consistant a disposer une quantité
d’électrolyte dans le tube enroulé (20).

Procédé selon la revendication 21, dans lequel ledit
séparateur (20) comprend des fibres non-tissées.

Procédé selon la revendication 21, dans lequel ledit
tube (20) comprend deux couches ou plus de sépa-
rateur.

Procédeé selon la revendication 21, dans lequel deux
bords de ladite bande de séparateur (20) sont revé-
tus dudit matériau de renfort.
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29.

30.

31.

32.

33.

34.
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Procédé selon la revendication 27, dans lequel les-
dits bords revétus sont paralleles les uns aux autres.

Procédé selon I'une quelconque des revendications
21 a 28, comprenant les étapes consistant a :

(a) fournir une bande de séparateur (20) ;

(b) enrouler la bande pour former un tube (20)
avec au moins une extrémité ouverte ;

(c) revétir 'extrémité ouverte du tube (20) avec
un matériau de renfort ;

(d) fournir un boitier (10) ayant une extrémité
ouverte (12), une extrémité fermée (14) et une
premiére électrode (50) définissant une cavité
a l'intérieur ;

(e) insérer le tube enroulé (20) dans la cavité
définie par la premiére électrode (50), de sorte
que I'extrémité ouverte du tube soit trés proche
de I'extrémité ouverte (12) du boitier (10) et I'ex-
trémité opposée du tube soit trés proche de I'ex-
trémité fermée (14) du boitier (10) ;

(f) insérer une seconde électrode (60) dans le
tube défini par le séparateur enroulé (20) ; et
(g) fermer ledit boitier (10) en fixant un ensemble
de fermeture (70) a I'extrémité ouverte (12) dudit
boitier.

Procédé selon la revendication 29, dans lequel I'ex-
trémité ouverte du tube (20) est revétue en immer-
geant une partie du tube (20) dans un matériau de
renfort ou en vaporisant une partie du tube (20) avec
un matériau de renfort.

Procédé selon la revendication 29, comprenant en
outre I'étape consistant a disposer I'électrolyte dans
la cavité définie par ladite premiére électrode (50).

Procédé selonlarevendication 27, dans lequel ladite
bande de séparateur (20) est de forme rectangulaire
et les bords dudit séparateur (20) revétus avec un
matériau de renfort sont opposés les uns aux autres.

Procédé selon la revendication 32, dans lequel les-
dits bords revétus se chevauchent, en formant ainsi
un anneau continu de matériau de séparateur revétu
(20) entre ladite premiére électrode (50) et I'extré-
mité ouverte (12) dudit boitier (10).

Procédé selon la revendication 29 comprenant en
outre les étapes consistant a :

(h) fournir une seconde bande de forme rectan-
gulaire de séparateur (20) ayant deux bords
opposes ; et

(i) insérer ladite seconde bande de forme rec-
tangulaire dans la cavité revétue par ledit pre-
mier séparateur avant l'insertion de ladite se-
conde électrode (50), ledit second séparateur
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étant positionné perpendiculairement a ladite
premiére bande de séparateur et lesdits bords
opposés s’étendant au-dela de ladite premiere
électrode (50) vers I'extrémité ouverte (12) du
boitier (10).
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